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(57) ABSTRACT

An air passage that connects an inlet port that sucks air from
a dehumidification target space and an outlet port that sup-
plies air to the dehumidification target space; a heating device
that heats the air; a first moisture adsorption/desorption
device releasing moisture into air that has a relatively low
humidity and absorbing moisture from air thathas a relatively
high humidity; a second moisture adsorption/desorption
device disposed so as to be spaced apart from the first mois-
ture adsorption/desorption device, a cooling device cooling
air that has been humidified; and switching devices switching
between an air path passing air through the first moisture
adsorption/desorption device, the cooling device, and the sec-
ond moisture adsorption/desorption device in this order, and
an air path in which the air passes through the second mois-
ture adsorption/desorption device, the cooling device, and the
first moisture adsorption/desorption device in this order.
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1
DEHUMIDIFYING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national stage application of
PCT/IP2011/000211 filed on Jan. 18, 2011, and claims pri-
ority to, and incorporates by reference, Japanese Patent
Application No. 2010-269280 filed on Dec. 2, 2010.

TECHNICAL FIELD

The present invention relates to a dehumidifying system
that controls indoor humidity by circulating indoor air such as
air in a living space and by carrying out dehumidification with
a desiccant that adsorbs moisture included in the air.

BACKGROUND ART

In the related art, a dehumidifying system has been pro-
posed in which a rotating desiccant rotor supported by an
adsorbent that carries out adsorption and desorption of mois-
ture is used, and in which a heat exchanger of a heat pump is
used as a regenerative heat source of a desorption portion of
this desiccant rotor. This dehumidifying system is configured
to carry out a continuous dehumidifying operation by dispos-
ing a desiccant rotor in an air passage through which air of a
dehumidification target space circulates and by making the
desiccant rotor rotate, and, further, by passing air through
heating means serving as a regenerative heat source, the des-
orption portion of the desiccant rotor, cooling means, and an
absorption portion of the desiccant rotor in this order (see
Patent Literature 1, for example).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Unexamined Patent Application
Publication No. 2005-34838 (claim 1, FIG. 1)

SUMMARY OF INVENTION
Technical Problem

In the dehumidifying system of the Patent Literature 1
described above, the air passage is separated into an adsorp-
tion side and an desorption side, the desiccant rotor is dis-
posed so as to astride the two air passages, and the desiccant
rotor is made to rotationally move between an adsorption
region and a desorption region alternately; hence, a sliding
surface occurs in a rotating shaft of the desiccant rotor. Since
frictional resistance occurs on this sliding surface, durability
of'the desiccant rotor is decreased due to wear of the rotating
shaft leading to increase in the number of repairs and parts
replacement.

Furthermore, sealing characteristics of the sliding surface
need to be taken into consideration. If the sealing character-
istics of the sliding surface drop due to continuous operation,
there will be an air leakage between the two air passages
leading to drop in dehumidifying capacity without the adsor-
bent carrying out sufficient adsorption and desorption. Addi-
tionally, since frictional resistance occurs on the sliding sur-
face, input for driving the desiccant rotor becomes high.

The invention is addressed to overcome the above
described problems and, by using moisture adsorption/des-
orption devices in which no sliding surface occurs, provide a
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dehumidifying system that is capable of improving the dura-
bility of the devices and reduce expendable parts, as well as
efficiently carrying out a continuous dehumidifying opera-
tion.

Solution to Problem

A dehumiditying system according to the invention
includes a main body that includes an inlet port that sucks air
from a dehumidification target space and an outlet port that
supplies air to the dehumidification target space; an air pas-
sage provided in the main body, the air passage connecting the
inlet port and the outlet port; a heating device that is disposed
in the air passage, the heating device heating the air sucked
from the inlet port; a first moisture adsorption/desorption
device disposed on a downstream side of the heating device,
the first moisture adsorption/desorption device releasing
moisture into air that has a relatively low humidity and
absorbing moisture from air that has a relatively high humid-
ity; a second moisture adsorption/desorption device disposed
on adownstream side of the heating device and disposed so as
to be spaced apart from the first moisture adsorption/desorp-
tion device, the second moisture adsorption/desorption
device releasing moisture into air that has a relatively low
humidity and absorbing moisture from air thathas a relatively
high humidity; a cooling device disposed between the first
moisture adsorption/desorption device and the second mois-
ture adsorption/desorption device, the cooling device cooling
air that has been humidified by release of moisture from the
first moisture adsorption/desorption device or the second
moisture adsorption/desorption device; and switching
devices disposed in the air passage, the switching devices
switching between a first path in which the air sucked from
the inlet port through the heating device, the first moisture
adsorption/desorption device, the cooling device, and the sec-
ond moisture adsorption/desorption device in this order, and
a second path in which the air sucked from the inlet port
through the heating device, the second moisture adsorption/
desorption device, the cooling device, and the first moisture
adsorption/desorption device in this order.

Advantageous Effects of Invention

According to the invention, the switching devices provided
in the air passage switch between the air path that passes the
air of the dehumidification target space through the heating
device, the first moisture adsorption/desorption device, the
cooling device, and the second moisture adsorption/desorp-
tion device in this order and that supplies humidity-controlled
air to the dehumidification target space, and the air path that
passes the air of the dehumidification target space through the
heating device, the second moisture adsorption/desorption
device, the cooling device, and the first moisture adsorption/
desorption device in this order and that supplies humidity-
controlled air to the dehumidification target space. The mois-
ture adsorption/desorption devices in which no sliding
surface occur are employed to allow a dehumidifying opera-
tion be carried out continuously. Furthermore, since no slid-
ing surface occurs in the moisture adsorption/desorption
devices, the durability of the moisture adsorption/desorption
devices is improved and the number of repairs and expend-
able parts can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic configuration diagram illustrating a
dehumidifying system according to a first embodiment of the
invention.
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FIG. 2 is a psychrometric chart showing change in air
condition during operation of the dehumidifying system
according to the first embodiment of the invention.

FIG. 3 is a schematic configuration diagram of a dehumidi-
fying system according to a second embodiment of the inven-
tion.

FIG. 4 is a psychrometric chart showing change in air
condition during operation of the dehumidifying system
according to the second embodiment of the invention.

FIG. 5 is a diagram illustrating a relationship between a
relative humidity and an equilibrium adsorption capacity of
the adsorbent used in the moisture adsorption/desorption
devices of the dehumidifying system according to the second
embodiment of the invention.

FIG. 6 is a diagram illustrating a relationship between air
passage velocity and an adsorption/desorption rate of the
adsorbent used in the moisture adsorption/desorption devices
of'the dehumidifying system according to the second embodi-
ment of the invention.

FIG. 7 is a schematic configuration diagram of a dehumidi-
fying system according to a third embodiment of the inven-
tion.

FIG. 8 is a control block diagram of the dehumidifying
system according to the third embodiment of the invention.

FIG. 9 is a schematic configuration diagram of a dehumidi-
fying system according to a fourth embodiment of the inven-
tion.

FIG. 10 is a control block diagram of the dehumidifying
system according to the fourth embodiment of the invention.

DESCRIPTION OF EMBODIMENTS
First Embodiment

FIG. 1 is a schematic configuration diagram of a dehumidi-
fying system according to a first embodiment of the invention
when seen from above.

As illustrated in FIG. 1, the dehumidifying system accord-
ing to the first embodiment is provided with a main body 1
including an inlet port 3 that sucks indoor air (RA) from an
indoor space, which is a dehumidification target space, and an
outlet port 4 that supplies humidity-controlled air (SA) to the
indoor space, and an air passage 2 through which air flows and
that connects the inlet port 3 and the outlet port 4. The air
passage 2 includes therein a heating device 50 that heats air,
moisture adsorption/desorption devices 10a and 104 that
adsorb moisture included in the air or desorb moisture into the
air, a cooling device 20 that cools air, an air sending device 30
that blows air inside the air passage 2, and switching devices
40a and 405 that switch between paths of the air that is
flowing in the air passage 2.

In FIG. 1, reference characters A and B each denote a path
of' the air flowing in the air passage 2. FIG. 1(a) is a sucking
ofan air path A, FIG. 1(b) is that of an air path B. The air path
A is a path in which indoor air is sucked from the inlet port 3,
passes through the heating device 50, the moisture adsorp-
tion/desorption device 10a, the cooling device 20, and the
moisture adsorption/desorption device 105, passes through
the air sending device 30, and is supplied into the indoor space
as humidity-controlled air. The air path B is a path in which
indoor air is sucked from the inlet port 3, passes through the
heating device 50, the moisture adsorption/desorption device
104, the cooling device 20, and the moisture adsorption/
desorption device 104, passes through the air sending device
30, and is supplied into the indoor space as humidity-con-
trolled air.
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The air path A and the air path B are configured so that they
can be switched by the switching devices 40a and 405 after
elapse of every predetermined time duration. The switching
devices 40a and 405 employ a dumper or the like and,
although not shown, carries out switching of the air path by
controlling the rotation operation of a motor that is used for
the dumper operation. The timing of the motor rotation opera-
tion is set to take place at a predetermined time interval.

The air passage 2 is structured such that a pipeline con-
necting the inlet port 3 and the outlet port 4 is bifurcated
midway into two directions. The switching device 40q is
disposed in a portion where this bifurcation starts, and the
switching device 405 is disposed in a portion where the bifur-
cation ends. The moisture adsorption/desorption device 10a,
the cooling device 20, and the moisture adsorption/desorption
device 105 are disposed between the switching device 40a
and the switching device 405, and are disposed in a direction
substantially perpendicular to the flow direction of the air
flowing from the inlet port 3 towards the outlet port 4. By
structuring the air passage 2 In this way, it is possible to
configure two air paths in a single air passage 2 with the
switching operation of the switching devices 40a and 406
alone without the need for a complex pipeline structure.

In order to obtain a large cross-sectional area in which the
air passes, the moisture adsorption/desorption devices 10a
and 1056 each include porous flat plates having pores each
with a polygonal section along the cross section of the pipe-
line in the portion where the moisture adsorption/desorption
devices 10a and 105 of the air passage 2 is disposed. The
pores are structured such that air can pass through in the
thickness direction of the porous flat plate. Furthermore,
since the moisture adsorption/desorption devices 10a and 105
in the air passage 2 are structurally disposed as described
above, when the cross-sectional area in which the air passes is
to be increased, it is only sufficient to enlarge the space (in the
left-right direction of FIG. 1) between the switching device
40a and the switching device 404 in the air passage 2 and
increase the cross-sectional area of each of the moisture
adsorption/desorption devices 10a and 105. Accordingly, it is
possible to suppress increase in size of the main body 1 in the
width direction (in the up-down direction of FIG. 1). Note that
the shape of the porous flat plates may be any shape that has
pores each with a polygonal section along the cross section of
the pipeline and that can achieve the same advantages.

Furthermore, the moisture adsorption/desorption devices
10a and 105 and the cooling device 20 are disposed substan-
tially in series in the air flowing direction of either of the air
paths A and B, and the cooling device 20 is provided between
the moisture adsorption/desorption device 10a and the mois-
ture adsorption/desorption device 105. By disposing the
moisture adsorption/desorption devices 10a and 105 and the
cooling device 20 so that the sides through which the air
passes face each other, these devices can be housed in a small
space inside the air passage 2, and, thus, it is possible to
downsize the dehumidifying system. Note that “face each
other” can be somewhat deviated in angle, and in this case, a
similar advantage can be obtained.

The surfaces of the porous flat plates constituting the mois-
ture adsorption/desorption devices 10a and 105 are coated,
surface treated, or impregnated with an adsorbent, such as
zeolite, silica gel, or active carbon, having properties such as
adsorbing moisture (absorbing moisture) from air that has
relatively high humidity and desorbing moisture (releasing
moisture) into air that has relatively low humidity. These
adsorbent has a moisture amount that can be adsorbed with
respect to the relative humidity of the air (equilibrium adsorp-
tion capacity). When the adsorbent reaches its equilibrium
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adsorption capacity after adsorbing moisture from air with a
certain relative humidity, the adsorbent reaches an equilib-
rium state and is unable to adsorb any further amount of
moisture. Accordingly, the adsorbent needs to be returned to
a state allowing adsorption before reaching an equilibrium
state by desorbing moisture into the air.

The cooling device 20 is provided to cool the air that has
passed through the moisture adsorption/desorption device
10a or the moisture adsorption/desorption device 106 to a
dew point or lower and to increase the relative humidity of the
air, as well as an object to remove the moisture included in the
air as condensed water. The moisture that has been condensed
with the cooling device 20 is drained out of the main body 1
by providing a drainage channel (not shown), for example,
that is similar to that of a typical dehumidifying system.

An evaporator that is a low-temperature-side heat
exchanger of the heat pump is used as the cooling device 20,
and a high-temperature-side heat exchanger of the heat pump
is used as the heating device 50. The cooling device 20 and the
heating device 50 are connected by pipes (not shown) and
constitute a refrigerant circuit. A temperature sensor is pro-
vided to a pipe of each of the heat exchangers. The refrigerant
circuit is controlled such that each of the heat exchangers has
a heating temperature or a cooling temperature optimum for
the dehumidifying operation on the basis of information on
temperature measured by the corresponding temperature sen-
sor.

The air sending device 30 includes a fan and can set the air
volume of the air flowing inside the air passage 2 in accor-
dance with the condition of the air. When a DC motor is used
as the motor to rotate the fan, the air volume can be controlled
by varying the current value to control the rotation speed, and
when an AC motor is used, the air volume can be controlled by
varying the power supply frequency by inverter control to
control the rotation speed.

Furthermore, control of the air volume of the air sending
device 30 also changes the flow velocity of the air passing
through the moisture adsorption/desorption devices 10a and
104. The adsorption/desorption rate (moisture transfer rate
between the air and the adsorbent during adsorption/desorp-
tion) of the adsorbent used in the moisture adsorption/des-
orption devices 10a and 105 increases when the flow velocity
of the air passing through the adsorbent increases. Thus, the
adsorption/desorption capacity of the adsorbent can be
increased by increasing the air velocity of the air sending
device 30.

Note that in the first embodiment of the invention, the air
sending device 30 is disposed in the most downstream posi-
tion inside the air passage 2; however, as long as the target air
volume in each of the air paths A and B is obtained, the air
sending device 30 may be disposed at a position further
upstream than the position of disposition in FIG. 1, such as in
the most upstream position inside the air passage 2, and,
further, may be disposed in plural numbers such as on the
upstream side and on the downstream side; the position of
disposition and the number of the air sending devices 30 are
not limited.

An operation of the dehumidifying system according to the
first embodiment of the invention will be described in the
following.

FIG. 2 is a psychrometric chart illustrating state changes of
the air during operation of the dehumidifying system illus-
trated in FIG. 1. The axis of ordinates of the psychrometric
chart in FIG. 2 is absolute humidity of the air and the axis of
abscissas thereof is dry-bulb temperature of the air. Further-
more, the curved line in FIG. 2 illustrates the saturated air, and
the relative humidity of the saturated air is 100%. Addition-
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ally, the dotted line in FIG. 2 illustrates a dew point tempera-
ture and is the dry-bulb temperature when in a saturated air
state. In FIG. 2, the air states are denoted in the psychrometric
chart as (1) to (5) which correspond to A(1) to A(5) in FIG.
1(a), respectively, and to B(1) to B(5) in FIG. 1(5), respec-
tively.

State changes of the air in the case of the air path A will be
described with reference to FIGS. 2 and 1(a).

The indoor air in state (1) is introduced into the inlet port 3
of'the air passage 2 and flows into the heating device 50. The
air that has flowed into the heating device 50 is heated when
passing through the heating device 50. The dry-bulb tempera-
ture is increased while the absolute humidity is in a substan-
tially uniform state, thus turning the air into state (2). This
state change is changed in a direction away from the saturated
air curve, and, thus, the relative humidity of state (2) is lower
than that of state (1). As above, during the state change from
(1) to (2), the relative humidity of the air is reduced such that
the air is changed into a state in which desorption of moisture
is facilitated in the moisture adsorption/desorption device
104 through which the air passes next.

The air in state (2) flows into the moisture adsorption/
desorption device 10q. Since the moisture adsorption/desorp-
tion device 10a desorbs moisture into the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 10a, the air that has passed through the
moisture adsorption/desorption device 10a is humidified;
accordingly, the dry-bulb temperature is reduced and, further,
the absolute humidity is increased, turning the air into state
(3). Furthermore, the dew point temperature is increased due
to increase in absolute humidity. Here, the reduction in dry-
bulb temperature is caused by endothermic reaction during
desorption of the moisture adsorption/desorption device 10a.
In this way, in the state change from (2) to (3), owing to the
desorption reaction of the moisture adsorption/desorption
device 10a, the air is humidified and the dew point tempera-
ture is increased such that the air is changed into a state in
which condensation of moisture is facilitated in the cooling
device 20 through which the air passes next.

The air in state (3) flows into the cooling device 20. The air
that has flowed into the cooling device 20 is cooled to a dew
point temperature or lower when passing through the cooling
device 20 and is turned into state (4). By cooling the air to the
dew point temperature or lower, moisture amounting to the
difference between that of the absolute humidity of state (3)
and that of the absolute humidity of state (4) is condensed,
and, thus, the air is dehumidified. Furthermore, the cooling
turns the air into saturated air and the relative humidity of the
air is increased to approximately 100%.

As above, during the state change from (3) to (4), the air is
dehumidified and, further, the relative humidity of the air is
increased such that the air is changed into a state in which
adsorption of moisture is facilitated in the moisture adsorp-
tion/desorption device 105 through which the air passes next.

The air in state (4) flows into the moisture adsorption/
desorption device 105. Since the moisture adsorption/desorp-
tion device 105 absorbs moisture from the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 105, the air that has passed through the
moisture adsorption/desorption device 105 is dehumidified;
accordingly, the dry-bulb temperature is increased and, fur-
ther, the absolute humidity is reduced, turning the air into
state (5). Here, the increase in dry-bulb temperature is caused
by exothermic reaction during adsorption of the moisture
adsorption/desorption device 105. As above, during the state
change from (4) to (5), owing to the adsorption reaction of the
moisture adsorption/desorption device 105, the air is dehu-
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midified and is changed into humidity-controlled air that is to
be supplied to the indoor space.

The air in state (5) is supplied to the indoor space as
humidity-controlled air from the outlet port 4 of the air pas-
sage 2 via the air sending device 30.

State changes of the air in the case of the air path B will be
described next with reference to FIGS. 2 and 1(b).

The indoor air in state (1) is introduced into the inlet port 3
of'the air passage 2 and flows into the heating device 50. The
air that has flowed into the heating device 50 is heated when
passing through the heating device 50. The dry-bulb tempera-
ture is increased while the absolute humidity is in a substan-
tially uniform state, thus turning the air into state (2). This
state change is in a direction away from the saturated air
curve, and, thus, the relative humidity of state (2) is lower than
that of state (1). As above, during the state change from (1) to
(2), the relative humidity of the air is reduced such that the air
is changed into a state in which desorption of moisture is
facilitated in the moisture adsorption/desorption device 105
through which the air passes next.

The air in state (2) flows into the moisture adsorption/
desorption device 105. Since the moisture adsorption/desorp-
tion device 105 desorbs moisture into the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 105, the air that has passed through the
moisture adsorption/desorption device 106 is humidified;
accordingly, the dry-bulb temperature is reduced and, further,
the absolute humidity is increased, turning the air into state
(3). Furthermore, the dew point temperature is increased due
to increase in absolute humidity. Here, the reduction in dry-
bulb temperature is caused by endothermic reaction during
desorption of the moisture adsorption/desorption device 105.
In this way, in the state change from (2) to (3), owing to the
desorption reaction of the moisture adsorption/desorption
device 104, the air is humidified and the dew point tempera-
ture is increased such that the air is changed into a state in
which condensation of moisture is facilitated in the cooling
device 20 through which the air passes next.

The air in state (3) flows into the cooling device 20. The air
that has flowed into the cooling device 20 is cooled to a dew
point temperature or lower when passing through the cooling
device 20 and is turned into state (4). By cooling the air to the
dew point temperature or lower, moisture amounting to the
difference between that of the absolute humidity of state (3)
and that of the absolute humidity of state (4) is condensed,
and, thus, the air is dehumidified. Furthermore, the cooling
turns the air into saturated air and the relative humidity of the
air is increased to approximately 100%.

As above, during the state change from (3) to (4), the air is
dehumidified and, further, the relative humidity of the air is
increased such that the air is changed into a state in which
adsorption of moisture is facilitated in the moisture adsorp-
tion/desorption device 10a through which the air passes next.

The air in state (4) flows into the moisture adsorption/
desorption device 10q. Since the moisture adsorption/desorp-
tion device 10a absorbs moisture from the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 10a, the air that has passed through the
moisture adsorption/desorption device 10a is dehumidified;
accordingly, the dry-bulb temperature is increased and, fur-
ther, the absolute humidity is reduced, turning the air into
state (5). Here, the increase in dry-bulb temperature is caused
by exothermic reaction during adsorption of the moisture
adsorption/desorption device 10a. As above, during the state
change from (4) to (5), owing to the adsorption reaction of the
moisture adsorption/desorption device 10qa, the air is dehu-
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midified and is changed into humidity-controlled air that is to
be supplied to the indoor space.

The air in state (5) is supplied to the indoor space as
humidity-controlled air from the outlet port 4 of the air pas-
sage 2 via the air sending device 30.

The switching between the air path A and the air path B is
carried out by operating the switching devices 40a and 405.
The switching between the air path A and the air path B makes
the moisture adsorption/desorption device 10q that has been
carrying out desorption reaction in the air path A to carry out
adsorption reaction in the air path B, and makes the moisture
adsorption/desorption device 105 that has been carrying out
adsorption reaction in the air path A to carry out desorption
reaction in the air path B. In this way, owing to the switching
operations of the switching devices 40a and 4054, since the
moisture adsorption/desorption devices 10a and 105 do not
reach an equilibrium state, it is possible to carry out the
dehumidifying operation continuously.

As described above, in the first embodiment of the inven-
tion, the switching of'the air paths A and B with the switching
devices 40a and 4056 is controlled such that the switching is
carried out at a predetermined time interval. For example,
control is carried out such that the air paths are switched every
three minutes. The dehumidifying system of the invention is
not for use in dehumiditying operations of air in a large space
where environmental change is large, such as an outdoor
space. The dehumidifying system is for carrying out dehu-
midifying operations with air that is in a small space where
environmental change is small, such as an indoor space.
Accordingly, it is easier to estimate the condition in which the
moisture adsorption/desorption devices 10a and 105 reach an
equilibrium state. Therefore, by switching the air paths at a
predetermined time interval, it is possible to maintain a state
in which the adsorption and desorption capacities of the mois-
ture adsorption/desorption devices 10a and 105 are suffi-
ciently exhibited and, thus, allow the dehumiditying opera-
tion to be carried out continuously. Furthermore, the
switching time interval settings for optimizing the dehumidi-
fication capacity can be changed by external operation.

When optimizing the dehumidification capacity as above
in accordance with the air state of the indoor space with a
conventional desiccant rotor, optimization of the dehumidi-
fication capacity can be achieved by varying the rotation
speed of the desiccant rotor; however, since there exists a
sliding surface, when the rotation speed increases, the fric-
tional resistance of the rotating shaft increases and unneces-
sary input tends to increase. The dehumidifying system of the
invention employs the moisture adsorption/desorption
devices 10a and 105 that do not have any sliding surface and
can obtain the same advantages by varying the switching time
interval of the switching devices 40a and 405; hence there
occurs no unnecessary input caused by friction and the sys-
tem is energy-saving.

Furthermore, the moisture adsorption/desorption device
10a and the moisture adsorption/desorption device 105 are
disposed substantially in series in the direction of the air flow
inside the single air passage 2 and the switching devices 40a
and 4056 switch the air paths; accordingly, there occurs no
reduction in the dehumidification capacity due to air leakage
from the sliding surface unlike in the case of the desiccant
rotor. Additionally, since there is no sliding surface in the
moisture adsorption/desorption devices 10a and 104, it is
possible to improve the durability of the dehumidifying sys-
tem.

The flow directions of the air in the moisture adsorption/
desorption devices 10a and 105 during adsorption and des-
orption are opposite to each other and the direction of the air
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passing therethrough during adsorption and desorption is
reversed; accordingly, it is possible to increase the dehumidi-
fication/humidification efficiency.

Further, since the moisture adsorption/desorption devices
10a and 1056 are secured and are motionless, there is no
geometrical restriction in order to allow rotational motion or
the like as in the case of the desiccant rotor; accordingly, it is
possible to match the air passage area of the moisture adsorp-
tion/desorption devices 10a and 105 with the shape of the air
passage 2. It is further possible to reduce pressure loss by
increasing the air passage area and reducing the air velocity,
and to increase the adsorption/desorption amount by increas-
ing the area of the adsorbent of the moisture adsorption/
desorption devices 10a and 105 that is in contact with the air.

Further, the air passing through the cooling device 20 has a
high dew point temperature since humidification is carried
out by the desorption reaction of the moisture adsorption/
desorption device 10a or the moisture adsorption/desorption
device 105. Accordingly, it is possible to condense and dehu-
midify the air that has passed through the cooling device 20
even in a case in which the temperature of the cooling section
of'the cooling device 20 is set high; accordingly, the input to
the cooling device 20 can be reduced, compared to the input
in which a similar dehumidification is carried out with the
cooling device 20 alone.

Further, since the air that has passed through the cooling
device 20 is dehumidified with the adsorption reaction of the
moisture adsorption/desorption device 106 or 10a, it is pos-
sible to dehumidify a larger amount of air, compared to a case
in which dehumidification is carried out with the cooling
device 20 alone with the same cooling section temperature.

Furthermore, by controlling the heating temperature of the
heating device 50, it is possible to make the temperature of the
air of the indoor space and the temperature of the humidity-
controlled air to be the same; accordingly, it is possible to
carry out isothermal dehumidification.

Second Embodiment

With an aspect described in the first embodiment of the
invention, the problems of the known rotating desiccant rotor
have been overcome. However, since the heating device 50
serving as a desorption heat source is provided in order to
increase the desorption capacity of the moisture adsorption/
desorption devices 10a and 105, the quantity of heat provided
by the heating device 50 contained in the air needs to be
treated by the cooling device 20, leading to decrease in treat-
ment efficiency of the sensible heat and the latent heat.

Thus, in the dehumidifying system according to the second
embodiment of the invention, as regards the adsorbent
employed in the moisture adsorption/desorption device, an
adsorbent with properties such as a large equilibrium adsorp-
tion capacity (the moisture amount that can be adsorbed with
respect to the relative humidity of the air) at relative humidity
ranging from 80 to 100% and a large difference between the
equilibrium adsorption capacity at relative humidity ranging
from 80 to 100% and an equilibrium adsorption capacity at
relative humidity ranging from 40 to 60% is employed. In the
second embodiment, description will be given of a dehumidi-
fying system that allows continuous dehumidifying operation
similar to that of the first embodiment without the heating
device 50 serving as a desorption heat source by employing
the adsorbent having the above properties.

FIG. 3 is a schematic configuration diagram of the dehu-
midifying system according to the second embodiment of the
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invention when seen from above. Note that parts same as
those in FIG. 1 are designated by like reference numerals and
description thereof is omitted.

InFIG. 3, reference characters C and D each denotes a path
of the air flowing in the air passage 2. FIG. 3(a) is a sucking
of'an air path C, FIG. 3(4) is that of an air path D. The air path
C is a path in which indoor air is sucked from the inlet port 3,
passes through a moisture adsorption/desorption device 10c,
a cooling device 21, and a moisture adsorption/desorption
device 104, passes through the air sending device 30, and is
supplied into the indoor space as humidity-controlled air. The
air path D is a path in which indoor air is sucked from the inlet
port 3, passes through the moisture adsorption/desorption
device 104, the cooling device 21, and the moisture adsorp-
tion/desorption device 10¢, passes through the air sending
device 30, and is supplied into the indoor space as humidity-
controlled air from the outlet 4.

As shown in FIG. 3, similarly to the moisture adsorption/
desorption devices 10a and 105 and the cooling device 20 of
the first embodiment, the moisture adsorption/desorption
devices 10c and 104 and the cooling device 21 are disposed
substantially in series in the air flowing direction of either of
the air paths C and D, and the cooling device 21 is provided
between the moisture adsorption/desorption device 10¢ and
the moisture adsorption/desorption device 10d.

In order to obtain a large cross-sectional area in which the
air passes, the moisture adsorption/desorption devices 10c¢
and 10d each include porous flat plates having pores each
with a polygonal section along the cross section of the pipe-
line in the portion of the air passage 2 where the moisture
adsorption/desorption devices 10¢ and 104 is disposed. The
pores are structured such that air can pass through in the
thickness direction of the porous flat plate. Furthermore, the
surfaces of the porous flat plates are coated, surface treated, or
impregnated with an adsorbent having properties such as
adsorbing moisture from air that has relatively high humidity
and desorbing moisture into air that has relatively low humid-
ity, and a large equilibrium adsorption capacity at relative
humidity ranging from 80 to 100% and a large difference
between the equilibrium adsorption capacity at relative
humidity ranging from 80 to 100% and an equilibrium
adsorption capacity at relative humidity ranging from 40 to
60%.

In FIG. 4, a relationship between the relative humidity and
the equilibrium adsorption capacity of the adsorbent
employed in the moisture adsorption/desorption devices 10¢
and 104 are illustrated. The axis of ordinates is the equilib-
rium adsorption capacity, and the axis of abscissas is the
relative humidity. The solid-line curve illustrates a property
of'the adsorbent employed in the moisture adsorption/desorp-
tion devices 10¢ and 104, and the broken-line curve illustrates
a property of a known adsorbent employed in, for example,
the moisture adsorption/desorption devices 10a and 105 of
the first embodiment.

As illustrated in FIG. 4, the adsorbent employed in the
moisture adsorption/desorption devices 10¢ and 104 have
properties such as the equilibrium adsorption capacity
increasing in a substantially linear manner with respect to the
air with a relative humidity ranging from 40 to 100%, and an
especially large equilibrium adsorption capacity in the high-
humidity region (relative humidity ranging from 80 to 100%).
That is, the adsorption/desorption capacity can be increased
by increasing the difference between the relative humidity of
the air that passes through the moisture adsorption/desorption
devices 10c¢ and the relative humidity of the air that passes
through the moisture adsorption/desorption devices 104 dur-
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ing adsorption and desorption of the moisture adsorption/
desorption devices 10c¢ and 10d.

The equilibrium adsorption capacity of known adsorbents
increases only slightly with respect to the increase in relative
humidity. Accordingly, when dehumidification of air (relative
humidity ranging from about 40 to approximately 60%) in a
typical indoor space is carried out using a known adsorbent,
the air needs to be heated with a heating device or the like
before desorption to reduce the relative humidity of the air to
approximately 20% in order to create a difference between
the equilibrium adsorption capacity of the adsorbent in which
the air passes during adsorption and the equilibrium adsorp-
tion capacity of the adsorbent in which the air passes during
desorption.

On the other hand, the dehumidifying system according to
the second embodiment of the invention employs, in the
moisture adsorption/desorption devices 10¢ and 10d, an
adsorbent that has an especially large equilibrium adsorption
capacity in the high-humidity region (relative humidity rang-
ing from 80 to 100%); hence, it is possible to create sufficient
difference with the equilibrium adsorption capacity with
respect to the air (relative humidity ranging from about 40 to
approximately 60%) in a typical indoor space without heating
the indoor air and reducing the relative humidity. Therefore,
by employing an adsorbent having the above properties, a
dehumidifying operation can be carried out without a desorp-
tion heat source in the air passage 2, and consequently, the
heating device 50 of the first embodiment is omitted and
downsizing of the system is allowed.

Furthermore, by omitting the desorption heat source from
the air passage 2, the cooling device 21 does not need to carry
out treatment of the quantity of heat provided by the heating
device 50 contained in the air. Accordingly, the cooling
device 21 only carries out heat treatment of the indoor air and,
thus, energy is saved.

Additionally, by omitting the desorption heat source, the
temperature difference between the temperature of the mois-
ture adsorption/desorption device 10¢ and that of the moisture
adsorption/desorption device 104 becomes small when the air
passage is switched during the dehumidifying operation and,
further, the temperature difference between the temperature
of the moisture adsorption/desorption devices 10c¢ and 104
and that of the air passing through the moisture adsorption/
desorption devices 10c and 104 becomes small; hence, ther-
mal resistance of the adsorbent generated by the temperature
difference between the passing air of the moisture adsorption/
desorption devices 10¢ and 104 and the moisture adsorption/
desorption devices 10c and 10d is reduced and it is possible to
carry out the dehumidifying operation with high efficiency.

An adsorbent having such properties includes, sodium
polyacrylate crosslinked product as for organic adsorbents,
and nanotube silicate (imogolite) or aluminum silicate (HAS-
clay) as for inorganic adsorbents.

The cooling device 21 employs a brine cooler or the like,
and although not shown, brine that has been cooled by a brine
circuit is made to pass through pipes of a fin-and-tube heat
exchanger. Air is cooled by passing through this heat
exchanger. The cooling temperature is measured by a tem-
perature sensor (not shown) provided to a pipe of the heat
exchanger and is controlled so as to become an optimum
temperature for the dehumidifying operation. Furthermore,
by controlling the temperature of the brine passing through
the pipes with this temperature sensor, the temperature of the
humidity-controlled air supplied to the indoor space can be
turned into the externally set target temperature.

When a brine cooler is used as the cooling device 21,
cooling is carried out with brine that has exchanged heat in a
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refrigerating machine that is separately provided outside the
main body 1; accordingly, cooling capacity can be obtained
without a high-temperature heating source such as the heating
device 50 of the first embodiment. Accordingly, a heating
device can be omitted in the main body 1 and downsizing of
the dehumidifying system is allowed.

An operation of the dehumidifying system according to the
second embodiment of the invention will be described in the
following.

FIG. 5 is a psychrometric chart illustrating state changes of
the air during operation of the dehumidifying system illus-
trated in FIG. 3. In FIG. 5, the air states are denoted in the
psychrometric chart as (1) to (4) which correspond to C(1) to
C(4) in FIG. 3(a), respectively, and to D(1) to D(4) in FIG.
3(b), respectively.

State changes of the air in the case of the air path C will be
described with reference to FIGS. 5 and 3(a).

The indoor air in state (1) is introduced into the inlet port 3
of the air passage 2 and flows into the moisture adsorption/
desorption device 10c. Since the moisture adsorption/desorp-
tion device 10c desorbs moisture into the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 10c¢, the air that has passed through the
moisture adsorption/desorption device 10c¢ is humidified;
accordingly, the dry-bulb temperature is reduced and, further,
the absolute humidity is increased, turning the air into state
(2). Furthermore, the dew point temperature is increased due
to increase in absolute humidity. Here, the reduction in dry-
bulb temperature is caused by endothermic reaction during
desorption of the moisture adsorption/desorption device 10c.
In this way, in the state change from (1) to (2), owing to the
desorption reaction of the moisture adsorption/desorption
device 10c, the air is humidified and the dew point tempera-
ture is increased such that the air is changed into a state in
which condensation of moisture is facilitated in the cooling
device 21 through which the air passes next.

The air in state (2) flows into the cooling device 21. The air
that has flowed into the cooling device 21 is cooled to a dew
point temperature or lower when passing through the cooling
device 21 and is turned into state (3). By cooling the air to the
dew point temperature or lower, moisture amounting to the
difference between that of the absolute humidity of state (2)
and that of the absolute humidity of state (3) is condensed,
and, thus, the air is dehumidified. Furthermore, the cooling
turns the air into saturated air and the relative humidity of the
air is increased to approximately 100%. As above, during the
state change from (2) to (3), the air is dehumidified and,
further, the relative humidity of the air is increased such that
the air is changed into a state in which adsorption of moisture
is facilitated in the moisture adsorption/desorption device
104 through which the air passes next.

The air in state (3) flows into the moisture adsorption/
desorption device 104. Since the moisture adsorption/desorp-
tion device 104 absorbs moisture from the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 104, the air that has passed through the
moisture adsorption/desorption device 104 is dehumidified;
accordingly, the dry-bulb temperature is increased and, fur-
ther, the absolute humidity is reduced, turning the air into
state (4). Here, the increase in dry-bulb temperature is caused
by exothermic reaction during adsorption of the moisture
adsorption/desorption device 10d. As above, during the state
change from (3) to (4), owing to the adsorption reaction of the
moisture adsorption/desorption device 104, the air is dehu-
midified and is changed into humidity-controlled air that is to
be supplied to the indoor space.
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The air in state (4) is supplied to the indoor space as
humidity-controlled air from the outlet port 4 of the air pas-
sage 2 via the air sending device 30.

State changes of the air in the case of the air path D will be
described next with reference to FIGS. 5 and 3(b).

The indoor air in state (1) is introduced into the inlet port 3
of the air passage 2 and flows into the moisture adsorption/
desorption device 104. Since the moisture adsorption/desorp-
tion device 104 desorbs moisture into the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 10d, the air that has passed through the
moisture adsorption/desorption device 104 is humidified;
accordingly, the dry-bulb temperature is reduced and, further,
the absolute humidity is increased, turning the air into state
(2). Furthermore, the dew point temperature is increased due
to increase in absolute humidity. Here, the reduction in dry-
bulb temperature is caused by endothermic reaction during
desorption of the moisture adsorption/desorption device 10d.
In this way, in the state change from (1) to (2), owing to the
desorption reaction of the moisture adsorption/desorption
device 10d, the air is humidified and the dew point tempera-
ture is increased such that the air is changed into a state in
which condensation of moisture is facilitated in the cooling
device 21 through which the air passes next.

The air in state (2) flows into the cooling device 21. The air
that has flowed into the cooling device 21 is cooled to a dew
point temperature or lower when passing through the cooling
device 21 and is turned into state (3). By cooling the air to the
dew point temperature or lower, moisture amounting to the
difference between that of the absolute humidity of state (2)
and that of the absolute humidity of state (3) is condensed,
and, thus, the air is dehumidified. Furthermore, the cooling
turns the air into saturated air and the relative humidity of the
air is increased to approximately 100%. As above, during the
state change from (2) to (3), the air is dehumidified and,
further, the relative humidity of the air is increased such that
the air is changed into a state in which adsorption of moisture
is facilitated in the moisture adsorption/desorption device 10¢
through which the air passes next.

The air in state (3) flows into the moisture adsorption/
desorption device 10c. Since the moisture adsorption/desorp-
tion device 10c absorbs moisture from the air in accordance
with the amount of moisture included in the moisture adsorp-
tion/desorption device 10c¢, the air that has passed through the
moisture adsorption/desorption device 10c¢ is dehumidified;
accordingly, the dry-bulb temperature is increased and, fur-
ther, the absolute humidity is reduced, turning the air into
state (4). Here, the increase in dry-bulb temperature is caused
by exothermic reaction during adsorption of the moisture
adsorption/desorption device 10c. As above, during the state
change from (3) to (4), owing to the adsorption reaction of the
moisture adsorption/desorption device 10c, the air is dehu-
midified and is changed into humidity-controlled air that is to
be supplied to the indoor space.

The air in state (4) is supplied to the indoor space as
humidity-controlled air from the outlet port 4 of the air pas-
sage 2 via the air sending device 30.

In the dehumidifying system of the second embodiment of
the invention, the switching operation of the air paths C and D
with the switching devices 40a and 405 is, similar to the first
embodiment, controlled so as to be carried out at a constant
time period and, thus, advantages similar to that of the first
embodiment can be obtained.

Furthermore, the adsorption/desorption rate (moisture
transfer rate between the air and the adsorbent during adsorp-
tion/desorption) of the adsorbent that is used in the moisture
adsorption/desorption devices 10¢ and 104 has air velocity
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dependence in addition to temperature dependence; accord-
ingly, the higher the temperature becomes, the higher the
adsorption/desorption rate becomes.

FIG. 6 illustrates a relationship between the air passage
velocity and the adsorption/desorption rate of the adsorbent
used in the moisture adsorption/desorption device of the
dehumidifying system. The axis of ordinates of FIG. 6 is the
adsorption/desorption rate of the adsorbent and the axis of
abscissas is the air passage velocity of the air passing through
the adsorbent. T1 and T2 of FIG. 6 are temperatures of the air
passing through the adsorbent during adsorption or desorp-
tion. T1 is higher than T2, and T1 having higher temperature
has higher desorption rate.

Here, assuming that T1 is the air temperature during des-
orption and T2 is the air temperature during adsorption, when
a dehumidifying operation is carried out at a constant air
velocity, there will be a difference in the adsorption/desorp-
tion rate between that during adsorption and that during des-
orption since there is a difference in temperature between T1
and T2. At this time, the total amount of moisture transferred
between the adsorbent and the air during adsorption and the
total amount of moisture transferred between the adsorbent
and the air during desorption are in equilibrium with the total
amount having a slower adsorption/desorption rate.

The dehumidifying system according to the second
embodiment of the invention does not heat the air during
desorption; accordingly, the temperature difference during
adsorption and that during desorption is smaller than the
temperate difference when there is a desorption heat source.
In Therefore, the difference between the adsorption rate and
the desorption rate is smaller. Accordingly, the adsorption
rate and the desorption rate become close to each other, allow-
ing the adsorption/desorption capacity of the adsorbent to be
used efficiently.

Third Embodiment

In the second embodiment of the invention, description is
given of the switching of the air paths C and D with the
switching devices 40a and 405 in which the switching is
carried out at a predetermined time interval. When dehumidi-
fying a space, such as an indoor space, that has little environ-
mental change, it is possible to continue an optimum dehu-
midifying operation by switching air paths at a predetermined
time interval; however, if the indoor environment is changed
during the dehumidification operation, it is difficult to main-
tain the adsorption/desorption capacity of the moisture
adsorption/desorption devices 10¢ and 104 with the switch-
ing carried out at a predetermined time interval, and, thus,
lead to drop in dehumidification capacity.

Accordingly, a dehumidifying system according to a third
embodiment of the invention disposes various sensors in the
air passage 2 and switches the air paths C and D on the basis
of information on the air state obtained by the sensors. With
this, it is possible to keep the dehumidification capacity to a
more optimum state and continue an optimum dehumidifying
operation even when there is change in the state of the indoor
air during the dehumidifying operation.

FIG. 7 is a schematic configuration diagram of the dehu-
midifying system according to the third embodiment of the
invention when seen from above. FIG. 7(a) is a sucking of the
air path C, FIG. 7(b) is that of the air path D. Note that parts
same as those in FIG. 3 are designated by like reference
numerals and description thereof is omitted.

As illustrated in FIG. 7, temperature-humidity sensors 5a
and 556 that each measure temperature and humidity (it may be
relative humidity or absolute humidity, wet-bulb temperature,
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or dew point temperature, hereinafter, the description
“humidity” of the temperature-humidity sensor denotes a
similar meaning) are disposed in the inlet port 3 and the outlet
port 4 of the air passage 2. The temperature-humidity sensor
5a measures the temperature and humidity of the indoor air
that has passed through the inlet port 3, and the temperature-
humidity sensor 56 measures the temperature and humidity of
the humidity-controlled air that passes through the outlet port
4.

Furthermore, a temperature sensor 6 is disposed in the
cooling device 21. The temperature sensor 6 measures the
cooling section temperature of the cooling device 21.

Moreover, an air velocity sensor 7 that measures the air
velocity is disposed in the outlet port 4. The air velocity
sensor 7 measures the air velocity of the humidity-controlled
air passing through the outlet port 4.

Note that, as regards the temperature-humidity sensors 5a
and 54, since any device is applicable as long as the tempera-
ture of the measured area and any one of the relative humidity,
the absolute humidity, the dew point temperature, and the
wet-bulb temperature are known, measurements are carried
out by two sensors such as a dry-bulb thermometer and a
wet-bulb thermometer, and the number of the sensors is not
limited.

In FIG. 8, a control block diagram of the dehumidifying
system with the temperature-humidity sensors 5a and 55, the
temperature sensor 6, and the air velocity sensor 7 is illus-
trated. Each of the sensors is connected to a control device 8a
that controls the dehumidifying system. The control device
8a acquires information on temperature-humidity, tempera-
ture, and air velocity from each of the respective sensors and,
on the basis of these pieces of information, controls the cool-
ing temperature of the cooling device 21, the air volume of the
air sending device 30, and the switching operation of the
switching devices 40a and 404.

An operation of the dehumidifying system according to the
third embodiment of the invention will be described in the
following. Note that the manner in which the air in the air
passage 2 flows and the basic state changes of the air in the air
passage 2 are the same as those of the second embodiment;
accordingly, description thereof will be omitted and the con-
trol operation of the control device 8a will be described.

Switching control of the air paths C and D in which the
temperature-humidity sensors 5a and 55 are used will be
described. During the dehumidifying operation, the absolute
humidity of the humidity-controlled air is invariably lower
than the absolute humidity of the indoor air since desorption
and adsorption are carried out by the moisture adsorption/
desorption devices 10c and 104d. Furthermore, when the mois-
ture adsorption/desorption devices 10¢ and 104 approaches
an equilibrium state after continuance of the dehumidifying
operation, the adsorption/desorption capacity becomes small
and the difference between the absolute humidity of the
humidity-controlled air and the absolute humidity of the
indoor air becomes small. The control device 8a carries out
switching of the air paths on the basis of this change in
absolute humidity.

The temperature-humidity sensor Sa measures the absolute
humidity of the indoor air and the temperature-humidity sen-
sor 56 measures the absolute humidity of the humidity-con-
trolled air. Information on the absolute humidity measured by
the temperature-humidity sensors Sa and 56 is sent to the
control device 84 at all times. When the difference in absolute
humidity becomes smaller than a preset threshold value, the
control device 8a drives the switching devices 40a and 405,
and switches the air path C to the air path D or switches the air
path D to the air path C.
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In this way, by controlling the switching operation of the
switching devices 40a and 405 on the basis of the change in
absolute humidity of the indoor air and the humidity-con-
trolled air, it is possible to reliably maintain the optimum state
of the dehumidification capacity. Furthermore, even if the air
state of the indoor air temporarily changes, the switching
timing of the switching devices 40a and 404 is automatically
modified on the basis of the information acquired by the
sensors; accordingly, sudden drop in the adsorption/desorp-
tion capacity can be prevented and it is possible to continue
the continuous dehumidifying operation.

Switching control of the air paths C and D in which the
temperature sensor 6 and the temperature-humidity sensor 54
are used will be described.

When the air passes through the moisture adsorption/des-
orption device that serves as an adsorption portion during the
dehumidifying operation (in the case of the air path C, the
moisture adsorption/desorption device 104, and in the case of
the air path D, the moisture adsorption/desorption device
10c), the moisture adsorption/desorption device 10d or the
moisture adsorption/desorption device 10c¢ adsorbs moisture
from the air and also releases heat; accordingly, the air tem-
perature rises. Furthermore, when the equilibrium state is
approached after continuance of the dehumidifying opera-
tion, the adsorption/desorption capacity becomes small along
with a drop in the amount of heat release. When the amount of
heat release drops, the temperature increase in the passing air
becomes small; accordingly, the temperature difference
between the temperature of the air passing through the cool-
ing device 21 and the temperature of the humidity-controlled
air becomes small. The control device 8a carries out switch-
ing of the air paths on the basis of this change in temperature.

The temperature sensor 6 measures the cooling section
temperature of the cooling device 21, and the temperature-
humidity sensor 56 measures the temperature of the humid-
ity-controlled air. Information on the temperature measured
by the temperature sensor 6 and the temperature-humidity
sensor 55 is sent to the control device 84 at all times. When the
difference in temperature becomes smaller than a preset
threshold value, the control device 8a drives the switching
devices 40a and 405, and switches the air path C to the air path
D or switches the air path D to the air path C.

In this way, by controlling the switching of the switching
devices 40a and 405 on the basis of the change in temperature
between the air before passing the absorption portion and the
air after passing the absorption portion, it is possible to reli-
ably maintain the optimum state of the dehumidification
capacity. Furthermore, even if the air state of the indoor air
temporarily changes, the switching timing of the switching
devices 40a and 405 is automatically modified on the basis of
the information acquired by the sensors; accordingly, sudden
drop in the adsorption/desorption capacity can be prevented
and it is possible to continue the continuous dehumidifying
operation.

Air volume control of the air sending device 30 in which
the air velocity sensor 7 is used will be described next.

The air volume control of the air sending device 30 is
carried out in a case, such as when the space that is subject to
dehumidification of the dehumidifying system of the inven-
tion is changed. For example, when the dehumidification
target space is large, in order to increase the dehumidification
capacity, the air velocity of the air sending device 30 is
increased on the basis of the air velocity sensor 7. As illus-
trated in FIG. 6, the adsorption/desorption rate of the mois-
ture adsorption/desorption devices 10¢ and 104 has air veloc-
ity dependence, and, In this way, when the air velocity is
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increased, the adsorption/desorption rate is also increased
and the dehumidification capacity is increased.

Normally, when an optimum dehumidifying operation is
carried out by using the temperature-humidity sensors Sa and
5b and the temperature sensor 6, the absolute humidity of the
indoor air is decreased as time passes. At this time, when the
absolute humidity of the indoor air does not change, it can be
considered that the dehumidification capacity is lacking due
to the largeness of the dehumidification target space. When
the absolute humidity of the indoor air is measured by the
temperature-humidity sensor 5¢ and the humidity of the
indoor air does not change with elapse of time, then the
control device 8a carries out control such that the air velocity
of'the air sending device 30 is increased on the basis of the air
velocity sensor 7. In this way, it is possible to exert sufficient
dehumidification capacity even in a case in which the dehu-
midification target space is large.

Note that the dehumidifying system according to the first
embodiment of the invention can be provided with the various
sensors in the same manner as the third embodiment and carry
out switching control with the various sensors, as well as
carrying out the control of switching the switching devices
40a and 405 at a constant time interval. In this way, a further
optimum dehumidifying operation can be carried out.

Fourth Embodiment

A case in which an evaporator, which is a low-temperature-
side heat exchanger of a heat pump, is used as the cooling
device 21 of the dehumidifying system according to the third
embodiment of the invention will be described.

FIG. 9 is a schematic configuration diagram of the dehu-
midifying system according to a fourth embodiment of the
invention when seen from above. Note that parts same as
those in FIG. 7 are designated by like reference numerals and
description thereof is omitted.

Asillustrated in FIG. 9, the dehumidifying system includes
a main body 1a and a main body 15, and the main body 1a is
provided with a compressor 60, a condenser 70, and an expan-
sion valve 80 that are connected with pipes to an evaporator
22 provided inside the air passage 2 inside the main body 15,
and, thus, a refrigerant circuit 100 is constituted. The evapo-
rator 22 is provided inside the air passage 2 as a cooling
device. Furthermore, the main body 1a is provided with an air
sending device 31 configured to carry out air-cooling of the
condenser 70.

The main body 1a and the main body 15 are connected by
the pipes of the refrigerant circuit 100 and wiring such as a
power source and signal wires. In the refrigerant circuit 100,
the compressor 60, the condenser 70, the expansion valve 80,
and a suction side of the evaporator 22 constitute a circuit in
this order.

The refrigerant used in the refrigerant circuit 100 is not
limited to a particular refrigerant and includes a natural refrig-
erant such as carbon dioxide, hydrocarbon, or helium; a
refrigerant that does not contain chlorine such as HFC410A
or HFC407C; or a fluorocarbon refrigerant such as R22 or
R134 that is used in known products. Furthermore, as for the
fluid machinery such as the compressor 60 that circulates
such a refrigerant, various types such as a reciprocal, rotary,
scroll, or screw type may be applied.

As regards the refrigerant flow during the operation of the
refrigerant circuit 100, a high-temperature high-pressure gas-
ified refrigerant that has been compressed first by the com-
pressor 60 flows into the condenser 70. The refrigerant
changes its phase from the high-temperature high-pressure
gas to liquid in the condenser 70 and heats the air passing
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through the condenser 70. Then, the refrigerant is decom-
pressed through the expansion valve 80. The refrigerant turns
into a two-phase state in which a low-temperature low-pres-
sure liquid and gas are mixed, and flows into the evaporator
22. In the evaporator 22, the refrigerant changes its phase
from liquid to gas and cools the air passing through the
evaporator 22. Then, the refrigerant flows into the compressor
60 and turns into a high-temperature high-pressure gas again.

In the dehumidifying system according to the fourth
embodiment of the invention, a temperature sensor 6a that
detects a pipe temperature of the evaporator 22, a temperature
sensor 65 that detects a pipe temperature of the condenser 70,
and a temperature sensor 6¢ for detection of a discharge
temperature on the discharge side of the compressor 60 are
provided instead ofthe temperature sensor 6 that is used in the
third embodiment. Note that the manner in which the air in the
air passage 2 flows and the basic state changes of the air in the
air passage 2 are the same as those of the second and third
embodiments; accordingly, description thereof will be omit-
ted.

In FIG. 10, a control block diagram with the temperature-
humidity sensors 5a and 54, the temperature sensors 6a to 6¢,
and the air velocity sensor 7 is illustrated. These sensors are
connected to a control device 85 that controls the dehumidi-
fying system. The control device 85 acquires information on
temperature-humidity, temperature, and air velocity from
each ofthe respective sensors and, on the basis of these pieces
of information, controls the frequency of the compressor 60,
the opening degree of the expansion valve 80, the air volume
of'the air sending devices 30 and 31, and the switching opera-
tion of the switching devices 40a and 405. The refrigerant
evaporating temperature of the evaporator 22 is controlled by
controlling the opening degree of the expansion valve 80.
Note that the controls of the air volume of the air sending
device 30 and the switching of the switching devices 40a and
405 are the same as those of the third embodiment.

The dehumidifying system obtained as above can carry out
highly efficient dehumidification by using the evaporator 22
of the heat pump instead of the cooling device 21, and can
control the temperature of the humidity-controlled air sup-
plied to the indoor space by changing the evaporating tem-
perature of the refrigerant by changing the frequency of the
compressor 60 and the opening degree of the expansion valve
80.

Furthermore, in the moisture adsorption/desorption
devices 10c¢ and 104, the adsorbent with a property of having
an especially large equilibrium adsorption capacity when the
relative humidity ranges from 80 to 100% and a property of
the equilibrium adsorption capacity increasing with respect to
the increase of the relative humidity is used; hence, there is no
need to employ a condenser 70 of the heat pump as a desorp-
tion heat source during desorption. Accordingly, it is possible
to dispose the condenser 70 in a space (outdoor space, for
example) different from the dehumidification target space
(indoor space, for example). With the above arrangement,
there will be no influence of the heat of the condenser 70 to the
dehumidification target space and dehumidification with high
efficiency can be carried out.

Furthermore, by controlling the air volume of the air send-
ing device 31 disposed with the condenser 70, it is possible to
control the condensing temperature of the refrigerant, and, as
a result of reducing the difference between the evaporating
temperature and the condensing temperature, the efficiency
of the heat pump can be increased.

REFERENCE SIGNS LIST

1,1a,1hmain body; 2 air passage; 3 inlet port; 4 outlet port;
5a-5b temperature-humidity sensor; 6, 6a-6¢ temperature
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sensor; 7 air velocity sensor; 8a, 86 control device; 10a-10d
moisture adsorption/desorption device; 20 cooling device; 21
cooling device; 22 evaporator; 30 air sending device; 31 air
sending device; 40a, 405 switching device; 50 heating device;
60 compressor; 70 condenser; 80 expansion valve; 100 refrig-
erant circuit.

The invention claimed is:

1. A dehumidifying system, comprising:

a main body that includes an inlet port that sucks air from
a dehumidification target space and an outlet port that
supplies air to the dehumidification target space;

an air passage provided in the main body, the air passage
connecting the inlet port and the outlet port;

a first moisture adsorption/desorption device including a
first adsorbent in which a first equilibrium-adsorption
capacity with respect to air with a relative humidity
ranging from 40 to 100% increases in a substantially
linear manner with respect to an increase in the relative
humidity, the first adsorbent desorbs moisture to air with
a low relative humidity, and absorbs moisture from air
with a high relative humidity;

a second moisture adsorption/desorption device disposed
in the air passage and disposed so as to be spaced apart
from the first moisture adsorption/desorption device, the
second moisture adsorption/desorption device including
a second adsorbent in which a second equilibrium-ad-
sorption capacity with respect to air with a relative
humidity ranging from 40 to 100% increases in a sub-
stantially linear manner with respect to an increase in the
relative humidity, the second adsorbent desorbs mois-
ture to air with a low relative humidity, and absorbs
moisture from air with a high relative humidity;

a cooling device disposed between the first moisture
adsorption/desorption device and the second moisture
adsorption/desorption device, the cooling device cool-
ing air that has been humidified by desorption release of
moisture from the first moisture adsorption/desorption
device or the second moisture adsorption/desorption
device; and

switching devices disposed in the air passage, the switch-
ing devices switching between a first path in which the
air sucked from the inlet port passes through the first
moisture adsorption/desorption device, the cooling
device, and the second moisture adsorption/desorption
device in this order, and a second path in which the air
sucked from the inlet port passes through the second
moisture adsorption/desorption device, the cooling
device, and the first moisture adsorption/desorption
device in this order, wherein

the first moisture adsorption/desorption device, the cooling
device, and the second moisture adsorption/desorption
device are disposed in series in an air flowing direction in
the air passage so that sides through which air passes
face each other, and

during desorption, the air sucked from the inlet port
directly flows into the first moisture adsorption/desorp-
tion device and the second moisture adsorption/desorp-
tion device without being heated to reduce relative
humidity.

2. The dehumidifying system of claim 1, wherein

the first moisture adsorption/desorption device and the sec-
ond moisture adsorption/desorption device are secured
and immobilized in the air passage.
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3. The dehumidifying system of claim 1, wherein
the first moisture adsorption/desorption device and the sec-
ond moisture adsorption/desorption device are ventila-
tor bodies each including a large number of small
through holes.
4. The dehumidifying system of claim 1, wherein
the first moisture adsorption/desorption device and the sec-
ond moisture adsorption/desorption device are disposed
such that air passage surfaces of the first moisture
adsorption/desorption device and the second moisture
adsorption/desorption device face air passage surfaces
of the cooling device.
5. The dehumidifying system of claim 1, wherein
the first moisture adsorption/desorption device, the cooling
device, and the second moisture adsorption/desorption
device are disposed such that a direction of air passing
through the first moisture adsorption/desorption device,
the cooling device, and the second moisture adsorption/
desorption device is reversed by switching between the
first and second paths of the air.
6. The dehumidifying system of claim 1, wherein
the air passage includes a first bifurcation portion that is
provided on an upstream side of the first moisture
adsorption/desorption device and the second moisture
adsorption/desorption device and that bifurcates a path
into two directions, and a second bifurcation portion that
is provided on a downstream side of the first moisture
adsorption/desorption device and the second moisture
adsorption/desorption device and that bifurcates a path
into two directions, and
the switching devices are each disposed in the first bifur-
cation portion and the second bifurcation portion.
7. The dehumidifying system of claim 1, further compris-
ing
a control device that controls a switching operation of the
switching devices to be performed at a predetermined
time interval.
8. The dehumidifying system of claim 1, further compris-
ing:
a first sensor that measures humidity information of air that
has passed through the inlet port;
a second sensor that measures humidity information of air
that is to pass through the outlet port; and
a control device that controls a switching operation of the
switching devices on a basis of humidity information
measured by the first and second sensors.
9. The dehumidifying system of claim 1, further compris-
ing:
a first sensor that measures humidity information of air that
has passed through the inlet port;
a second sensor that measures humidity information of air
that is to pass through the outlet port; and
a control device that controls a switching operation of the
switching devices to be performed at a predetermined
time interval and on a basis of humidity information
measured by the first and second sensors.
10. The dehumidifying system of claim 1, wherein
the cooling device is an evaporator of a refrigeration cycle.
11. The dehumidifying system of claim 1, wherein
the cooling device directly connects the first moisture
adsorption/desorption device to the second moisture
adsorption/desorption device.
12. A dehumidifying system comprising:
a main body that includes an inlet port that sucks air from
a dehumidification target space and an outlet port that
supplies air to the dehumidification target space;
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an air passage provided in the main body, the air passage
connecting the inlet port and the outlet port;

a first moisture adsorption/desorption device including a
first adsorbent in which a first equilibrium-adsorption
capacity with respect to air with a relative humidity
ranging from 40 to 100% increases in a substantially
linear manner with respect to an increase in the relative
humidity, the first adsorbent desorbs moisture to air with
a low relative humidity, and absorbs moisture from air
with a high relative humidity;

a second moisture adsorption/desorption device disposed
in the air passage and disposed so as to be spaced apart
from the first moisture adsorption/desorption device, the
second moisture adsorption/desorption device including
a second adsorbent in which a second equilibrium-ad-
sorption capacity with respect to air with a relative
humidity ranging from 40 to 100% increases in a sub-
stantially linear manner with respect to an increase in the
relative humidity, the second adsorbent desorbs mois-
ture to air with a low relative humidity, and absorbs
moisture from air with a high relative humidity;

a cooling device disposed between the first moisture
adsorption/desorption device and the second moisture
adsorption/desorption device, the cooling device cool-
ing air that has been humidified by desorption release of
moisture from the first moisture adsorption/desorption
device or the second moisture adsorption/desorption
device; and

switching devices disposed in the air passage, the switch-
ing devices switching between a first flow path in which
the air sucked from the inlet port passes through the first
moisture adsorption/desorption device, the cooling
device, and the second moisture adsorption/desorption
device in this order, and a second flow path in which the
air sucked from the inlet port passes through the second
moisture adsorption/desorption device, the cooling
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device, and the first moisture adsorption/desorption
device in this order, wherein
the first moisture adsorption/desorption device, the cooling
device, and the second moisture adsorption/desorption
device are disposed in series in an air flowing direction,
the switching devices includes a first switching device and
a second switching device,
the first switching device is connected to the air inlet port,
the second switching device is connected to the air outlet
port, and
the first flow path and the second flow path pass by the first
switching device and the second switching device only
once.
13. The dehumidifying system of claim 12, further com-
prising
a control device configured to control a switching opera-
tion of the first switching device and the second switch-
ing device to be performed at a predetermined time
interval.
14. The dehumidifying system of claim 12, further com-
prising
a first sensor located between the air inlet and the first
switching device, the first sensor measures humidity
information of air that has passed through the inlet port;
a second sensor located between the air outlet and the
second switching device, the second sensor measures
humidity information of air that is to pass through the
outlet port; and
a control device that controls a switching operation of the
first switching device and the second switching device
on a basis of humidity information measured by the first
sensor and the second sensor.
15. The dehumidifying system of claim 1, wherein the inlet
port comprises a heater-free inlet port.
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